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ABSTRACT 


Schaffner's logic of comparative theory evaluation is criticised for 
an incorrect interpretation of Bayests theorem. A corrected analysis 
is given and actended to the case of multiple successful predictions 
by a theory. The application of the method to the appraisal of 
quantitative prediction is discussed with examples. A Bayesian 
model is next presented for the general case in which successful and 
unsuccessful predictions are intersperged in the development of a 
research programme. An alternative approach incorporating the notion 
of methodological decision is discussed, and simple representations 


are provided for the life and death of a research programme. 


The Logic of Comparative Theory Evaluation 


1. A Critique of Schaffner's Account 
In a recent note Schaffner ({1974]) has given a formal discussion of the 
notion of ad hocness in terms of a Bayesian model for the appraisal of 
theories. Schaffner develops the general ideas in the context of a 
critique of Zahar's [1973] which was concerned with the particular problem 
of comparing the Einstein and Lorentz research programmes. Zahar suggests 
the following analysis of ad hocness * : 
Ad hoc,: A theory is said to be ad hoc, if it has no novel 
consequences as compared with its predecessor. 


Ad hoc, > [a theory] .... is ad hoc, if none of its novel predictions 


have ae actually 'verified'. 


Ad Hoes 2 [4] e+. theory is said to be ad hoc, if it is obtained from 
its si poecees through a morki fication of the axe Cran AY hypotheses 
which does not accord with the spirit of the heuristic of the 


programme. 


Zahar explains the meaning of novelty as follows 
A fact will be considered novel with respect to a given hypothesis 
if it did not belong to the problem-situation which governed the 


construction of the hypothesis. 


Schaffner's attempted elucidation is really rather confused. He first 
discusses the notions of ad hoc, and ad hoes! The first he describes as a 
logical dream, since the novel consequences of a theory cannot in practice 
be "surveyed", so the question of whether a theory is ad hoc, ean only be 
discussed relative to the extent to which novel consequences have been looked 
for at the particular epoch of the evaluation. Ad hoes. Schaffner clains 
to be "vague to the point of inapplicability". For Schaffner ad hoc, is 
"close to the sense in which ad hoc is used in science" and he announces 
that his Bayesian analysis will be brought to bear on this sense of ad hoc. 
He begins his spear by referring to the general division theorem, by 
which he actually means Bayes's theorem. Schaffner says that this is a 


non controversial theorem in the probability calculus and refers to Salmon's 


{1967} account. He claims in a footistet to have improved tm Salmon's 
presentation. Unfortunately he so far "improves" the theorem that he actually 


renders it false. 


Denoting by P(T/bz e) the probability of a theory T to be true in the light 
of background knowledge b and the petisal utcome e of some experiment not 
part of b, by P(Z/b) the prior assessment of T, by P(e/f¥b) the probability 
of obtaining e given T and b, and by P(e/b) "the probability of obtaining 

e on the basis of theories other than T" (Shaffner's italics), Schaffner 


writes 


(1) P(T/bZe) = P(T/b) Hele a) 
P(e/b 


In a footnote” he explains P(e/b) can be expanded in terms of a set of 
n "alternative competing theories" (my italics) in the form 
(2) Ple/e) = 2 v(a,/o) Ple/,8>) 

= 
Now (1) is of course true only if P(e/b) includes a contribution from T itself, 
which Schaffner explicitely denies in his definition of P(e/b). This 
unfortunate oversight now makes nonsense of Schaffnerts subsequent analysis. 
Because he assumes P(e/b) is independent of P(T/b) he makes his criterion for 
a theory to be ad hog, , depend essentially on the smallness of P(T/b). 
The argument for P(T/b) being small is eygd@ntwilly that it has no "theoretical 
support". This looks suspiciously like a reference to ad Boe. and Schaffner 
now appears to be claiming that a theory is ad hoc, in virtue of its being 
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ad hoc_. So he is not really giving an independent analysis of ad ‘hoc, at all. 


But ae pointless to criticise his detailed arguments since they are all 
derived by using the wrong formulation of Bayests theorem. The only statement 
which Schaffner gets right is where he discusses the "odds form" for comparing 
the evaluation of a theory with its miveta’ . Since in tafteng the appropriate 
ratio P(e/b) cancels out this is the one point at which his argument is not 


invalidated by his incorrect analysis of P(e/b). 


2. The Bayesian Analysis of Ad hocness 


It is in fact a fairly simple matter to get an "internal" analysis of ad hoc, 


by using the correct form of Bayes's theorem, which we write as 


(3) p(T/b& e) = P(T/b) - P(e/PE vA P(e/n TY bv) P(r T/d) 
P(e/T¥ b)P(+t/b 


where ~~“ T denotes the negation of T. 


Note that we follow Schaffner in interpreting P(A/B) aa{ probability that 

A is true given that B is true. Note also that e is supposed in equation (3) 
to refer to a prediction made by the theory T (we could perhaps write en to 
emphasize this important point } so P(ef/n- TRd) means the probability that the 


prediction e,, derived from the theory T is a true prediction given that the 


T : 
Lack gtounel infoAmation b is true but the theory T is false (i.e., tts 
consequences are not guaranteed to be true although "by accident" they may 


be true). 


Writing P(T/b) =x , Ple/a TXb) = € 
and taking P(e/T4 b) = 1 and using ficlds P(~T/b) = 1 =x 


(4) P(T/bke) = 


a ee 
x+(1-x) 
we define an enhancement ratio Jl by 


P(T/o¥e 
us P(T/b) 


whenee using (4) 


we obtain the simple result 


(5) A» gears) 


We can now explain that a theory T is ad hoc, with respect to the experiment e 


if & = 1, iee. if the explanation of e by ie no way depends on the truth 

or falsehood of T, both of which eventualities lead with certainty to the 
result e. This is just what a scientist means when he says T was an ad hoc 
explanation of ey wiamely T was devised for the express purpose of explaining 
e, so the explanation of e is guaranteed independent of whether T is true or 
false. To show the consistency of our analysis if we put €= 1 in (5) 

we gat X= 1, so the posterior and prior probabilities of T are equal (there 
is no enhancement) and théeg again is just what we expect from an ad hoc 


explanation of e, namely e itself gives us no additional information for 


eugsressing the truth of T. 


We notice that if x4 zz 1, then YC 2 Ve , 80 in this case we get a big 
enhancement and the theory is far from being ad hoc. This is just the 
situation in which Schaffner would claim that the theory was ad hoc, which 


highlights the way in which his analysis goes astray. 


Die The Case of Multiple Predictions 


To develop our analysis a little further we can consider how a theory builds 

up a favourable appraisal as it makes a number of successful predictions e» 
Onree BBY Denote by P, the posterior probability P(T/b Ye Xk eneeo ke.) 
after s successful predictions. Assuming the predictions are quite independent 
and for simplicity are all associated with the same value of é » we can 


clearly write 


pn = ){(?) x for) xe OY, Po 


where Po = x according to our previous notation 


8 1 
. TO = eee 
P - gee, Ps 


s+1 


The solution of this recursion is by inspection (or more simply by 
replacing £ by & in the formula for P) (see (4) above). We obtain 


(6) a 
[eee oa 


We can also ask what is the probability for the (n41) prediction -“p,, being 
correct if the theory has already made n successful predictions @0+ee 6 


Denoting this probability by P(n+1) we clearly obtain the result 


© Im Ey ee 


If € is a small quantity. (i.e. < 1) which will be the case if T is non-ad hoc, 


with respect to all the predictions, we can write the following 


formalae which will be perfectly satisfactory for the subsequent discussion 


(8) Ly gee eee 
1+ €%x 

(9) P(Pn+1)% E + Pn 

(lo) eo a 


We note the following features 
(1) The value of Pn depends entirely on the ratio oe 
ror €'fe>>1, Pn E71 
and for E"/¢ az ?, Pen wt 
At the critical point en x , we have Pn 2 Vx , 
So if initially x LE as n increases Pn will rise steeply as we 


reach the value n = fn Ep E 


(2) So long as M&E, we have P(Eryi)* EC, but as Pp builds up towards 
unity, so does P(Py+,) )- 


(3) So longas Pm-lyes , RMa fe: » but as Py-1 builds up towards 


unity the enhancement factor JE aiso tends to unity. 


To take a concrete case we illustrate in Fig.1 Pn and P(Enti ) as 


functions of n for the particular choice x =¢.0 1, & =@-l. 
jo 


Pa Pd) © 


oO L = 
a 3 m > 
4. Quantitative Predictions Th ———_> 


We can apply this analysis to the important case of quantitative predictions. 
Suppose a theory T predicts correctly an experimental result which is known 

to an accuracy of n significant figures. We assume as part of our background 
knowledge bs that the order of magnitude of the result is known, i.e we disregard 
the prediction of zeros occurring before or after the significant figures in 

the experimental result. As a concrete illustration we cite the theoretical 
predictions of quantum electrodynamics of the anomaly in the hydrogen spectrum 
known as the Lamb shift and the anomaly in the magnetic moment of the electron. 
For example the latter is now know wx pea onintally to be 0.001159657.7 2 3.5 
Bohr magnetons whereas the theoretical prediction is 0.001159655.4 2 Pre) 
magnetons. (For a good account of the fluctuating agreement between theory and 


experiment for this phenomenon the reviews by Lautyp »Peterman and de Raphael 


in their [2972| or Rich and Wesley in their [i972 | may be conan sca Clearly 


if we regard the prediction of each significant figure as an inctependlon t- event 


then the appropriate value to take for € isa@l since a false theory would 

have ten equal possibilities for filling in each digit. The question of what 
value to take for x is somewhat arbitrary. In agreement with Schaffner we 

do not follow a purely logical approach and set x = 0. For our purposes x 
reflects the scientist's confidence in the new theory T. One could argue 

that a scientist would not spend great efforts developing the consequences 

of a theory he did not believe in. By analogy with the Jiftation in the Bayesian 
analysis of significance testing (see for example Redhead [974] ) we could 

take x = 4. Perhaps more realistically we should take x around 0.01 and adapt 
the sociological rule that unless a scientist has a one percent level of 
confidence in the truth of his theory he would not seriously investigate it. 

With this choice of parameters we see that the build up of confidence in a theory 
which makes correct quantitative predictions, as the accuracy of the experiment 
increases, would be illustrated by the graph for Pn in Fig.l. Of course P( yp) 
is only given by our analysis so long as other factors which could potentially 
influence the results are known not to be significant. For a certain value of n 
this condition will fail. For example in the case of the ajnama lous magnetic 
moment of the electron the effect of hacdaonie couplings introduce 

ee agentes which would ultimately make the prediction of the theory 
unreliable® . On the other hand the Lamb shift has so far been measured with 

an accuracy less by a factor of twenty, so the physicist's confidence in 


vefined quantitative predictions here is very high. 


pr A Bayesian Model for the Methodology of Research Programmes 


We now want to extend our analysis to the case where the theory T consists of 
two parts T = CAB where C is the hard core and B an auxiliary hypothesis 
selected from a set 33,3 which represents the possible articulations of the 


protective belt in Lakatos's terminology (see for example his [2970]. 


We betas m oe) P (2[ cee): PCefy 
ve in pe (alee) Heli} Pe/HeBEF FCT 
and expand 


Pee ua Mere a): P(B/eR2) + P(e/c@B 22). HOB[c 2d) 


Introducing abbreviations es Xy P(B/egh)= y, P(e/CLaA BPR) = kK P(e/vC8h,)= k 
and ae P(E ABR) 1s [cPl) = r= | e P (w c/e)= (206 


then enhancement ratio for/hard core is c 


Res POLEPD 2 4 + Bi G-9) 
x 


(Ye Ra-y))x +Ra (i-20) 


If we take ky = ky = k say we get 


at) A. = —d+hCH 4) 

xy +A Cl €4) 

dhe 

Similarly Js tne enhancement ratio for the auxiliary hypothesis, is off form 
qa) Jls- 2 +h C= 24) 

ay ah O- 2D 
if we assume P(e /nc¥B Xe) =k and P(€ BRB) =k for simplicity. 
For an ad hoc prediction we take k = 1 to get /le= Rs = ] so again there is 
no enhancement in this case. For a non-ad hoc prediction take B pe | 


“Fhen Wi € cana } 7 Wa 
Cat 


Similarly Net Vy ) so we/now get big enhancements leading in our 
approximation limit to P(C/L-F2) = 1 and P(B/LR@) = 1 after confirmation. This 
he 


is true irrespective offmagnitude of x and y. 


We turn now to the pee oh of Ces a 
Sfelnyna. Pk ofezb)= Pf (oft 

aah PRI re sfesd PCI Mesh eRy PET 

P (n- Ply). ae ow ha A: n PB 

EP Cele2) = P(-a/e® 88) P(B/eRd) + P6-t[ceaB RZ). PSHE 
P(v2fcPBk & ) = 0 ; 
Pw efre Ro i 1 -k,, Perec LBL EC) « 1-k, to give in this case | ag an 


ay Dum ne fr, = Bs: 


(13) Hie = i 
j= eY 


and 
}— 9 
ay Jig =< - . 
Rise 24 
These formulae for dle and Ne are independent of the value of k. 


We note at once that for refutation Ye andlg are always less than unity, as we 


would expect, but suppose we have x near to 1 and y oindll, then forx=l1, y=oa 


Notice in particular we can explicate refutation without having to assume 
k small. 


The life and death of a research programme can now be modelled using our 

two formulae (1p) and (1@) to allow for the effects of successful and 
unsuccessful predictions. In Fig.2 we illustrate the following sequence - 

two alternating successes and failures followed by a run of failures, where 

we have assumed as parameter values x = 0.9, y = 0.5 and R= 0.1, The probability 
Pe for the hard core and the probability for the current articulation of the 
protective belt PR are both shown. After each refutation we take Pa = 0.5 

again for the new auxiliary hypotheses introduced to account for the anomaly. 

We are assuming here the simple situation in which each articulation of the 


protective belt is triggered by an anomaly’. 


(e) = ! ——— 
SF fF FF Ff PP F F 
5 equence of predictions 
PE S = Successful prediction 
a Pi, F = Failed prediction. 


Suppose aten{ founkh failure in the degeneration sequence where Pc has fallen 

to 0.21 we had got a success ,f¢ would then recover to the value 0.60. Even with 
Feo down to .06 at the sixth failure in the efageneyati on sequence a success would 
1éft Fo to 0.26, 


At the "(jess eve " point of the Pe and B curves (marked ( in Fig, 2) 
it would become /tat inal to change the hard core rather than the protective 
belt, i.e. we now have an internal Ratren ral e criterion for abandoning a 


research programme, independent of any competing programme. 


At first sight we might suppose that if we have a run of successful predictions 
followed by a failure then the asymmetry in the effect of failure on ft and Bb 
which was large initially would be eliminated as fo and B were both now 
increased to values very close to unity. We shall now show that this rather 
natural assumption is Unwan anted and that in our model the asymmetric 
effect of failure on fe and Fa is preserved however many successful predictions 
precede the failure. What we shall prove is the following: 

After JL successful predictions let Be increase from P. (e) to Pe (my and 

Ps from B(o) to Fa(n). ad) 

Let the effect of a refutation on Pé/ Pp after n successful predictions be 
denoted wi Ne(n) and pn) Les pectively, 

‘hen we prove Jean). . lp fd a) _ L~ Pele) 


Te (n) eC) =f = Pp 


at result which is independent of 72. 


We have at once the result j : : ; 

Nelm,  1-felr) (r” egpial rans (13) anel(4) ) 
Ae (mn) t- Pen) 

Now use equation (44) to obtain the result 


i (n +!) - Pa(n) +kO- Pacny 7 Po 
Po(n) Pain) + BG- PeO)P3) 
So 1 ~ Pe(al ) : | fi Pye Pe (n)) 
i. Pe (re) Pada) + A Pe): Vala). 
RB ¢ te Fe oo) 


Similarly we can show 


1 - PB(n+1) = = 
PAH) = Reap Bota) R (F ROVTTD) 
~ peer) 2 de Fe) | 
“T= Pacati) f- fen) 
which applied recursively yields the result 
p= Pe(m)  .  1- Polo) 2 IE mown 
T— Padn j- Palo) IJ alae 


which is independent of n. 
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Hence we get for /l of La HEN after n AUCCESSOCS 


Sta) s t= 2S 
Fle (”) 1- Y 


when gu2 example x =9.9, y =0.5 DO Let) : Ie 
: Sten) 


andfeffect of refutation on B is five times as high as on C for all values 

of n, although of course it is also true that Fan) and Fe(n) poth fend rapidly 
way. : ; 

towards 4 ith increasing n. 


We stress that in this model the asymmetric effect of refutation of the part ective 
tolt and the hard core ‘: is directly accounted for at all stages by the initial 
value of Pe being much higher (closer to unity) than we assume for Ps. 


6. 4n Alternative Approach - The Methodological Decision 


In the model we have just discussed the effect of refuation on P. is given a 
rational (Bayesian) basis. But other approaches to the methodology of theory 
evaluations can best be understood as a mixture of rational and methodological 


decisions. We shall now illustrate some of these ideas. 


Thus faced with an anomaly there are various methodological prescriptions which 
tell the scientist how to proceed. For example there is a crude Popperian picture 
which tell him to reject a theory if it is refuted. But the tenacity of theories 


is reflected in Lakatogs Methodology of research programmes. 


To analyse this situation we again write T as a conjunction of a hard core C and 
an auxiliary hypothesis Ba» which belongs to a set {B if of adjustable hypotheses 
in the protective belt, adjustable that is in accordance with the postr irs 
feu Wi is t ic of the research programme. Thus My se ck B, 

Now suppose the theory T makes a false prediction ,: Since this is impossible 
if the theory T were true we nust write P( g/t £4) = 0 in equation (3) which 
leads immediately to P(1/6 Ye, )=0. If we assume C and B, are independent 
hypotheses for the sake of simplicity, then we can write 


P(T/ENE,) = PIC/OLG) x P(B/EPS,) = oO 
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So we are led to the condition 
p(c/t- ¥C; ) = 0or (B,/ > Pe, ) = 0. Which alternative we take came be 
decided by the probability calculus alone with the information presumed/far 
alone at our disposal. It is a matter for methodological decision. Thus 
the Lakatos methodology can be expressed very simply. We choose to take 
P(B,/ t- ©, ) = 0 and leave P(©/t-¥&, ) unchanged in the face of a false 
prediction &. We now invoke a new hypothesis By which enables € £ B, to 
explain £ This is an ad hoc manoeuvre for ce x 6 a with respect 
to €j; so (CX B,/ éy £4 ) can only be enhanced by new successful novel 
predictions. Suppose £, is successfully predicted by € 2 By. Then our 
previous analysis gives 
(18) PCE B/EG ¥&) =Jlx (CR B/ERG) 
where is a suitable enhancement factor. We can rewrite (TS) as 
PC/ EPL, FO) x v(a/ U- BE, REQ) 
(16) = Ex Pe /& BS )x P( Ba [BRS 
But what we are actually interested in is how the credibility of the hard core 
behaves as the research programme progresses. To consider this question we 
must "distribute" the enhancement ratio between the hard core and the prodpective 
belt. But again the probability calculus alone camot answer this question. 
Again we have to make a methodological decision. But this decision must be 
constrained so as not to transgress the rules of the probability calculus. The 
situation is rather like Popper's formal account of concepts like verisimilitude. 
We seek a simple formula that satisfies certain conditions. We formulate these 
conditions for our problem as follows. 
und ree 
In a suitably abbreviated notation we let A{B Dlaned for two papbabilities 
and we write 
J a.B = (Sper) x Jp) eae | 
so the enhancement factors It is divided between AB according to the BC As 
Yea and Np which will be functions of Ny, > as well as de depending on ves 


ane 
Regarding A A B as functions of pe we list the following restrictions, 


assuming A’7 B w/t thet toss df Jenn ah G 
(1) aie Ne Oi = } 


(2) dha (ae)= ag ) Jig (He) = = 


(3) itn (2) and Aoff)sve monotonically increasing functions of J? in the 
range (1, 1/AB) , 
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(4) aA 7/2 Sg. is Fen « lb Rat. the Hane (1, ,1/AB) 
© Ma. lig = J 
(6) writing J/g (A) = §£ (A, B, 


£(A,B, A'2") = Ao, B ry FF agen, 2 hp 
et ; 


) 

with a imila condition on FC 8,2’) 
Gondition (2) arises from: Btsh that the mtaxvmuUne value of RN is 1/AB 

Aimee we require that Te AB is a probability, the maximum value for M1 

is 1/A since Ny A is to be a probability, and Dini ‘lea by cor 3. 

Condition (4) means that enhancement never leads to a “eross~over" in the 
assessment of A and B. 

Condition (6) means that our rule for arriving at A can be built up consistently 
in stages. 

Conditions (1), (4) and (5) require no comment. It is perhaps surprising that 


a simple formula for Da can be obtained satisfying all these COREL BICONE, viz. 


as kL C\- 
mu EG aaa 


B is then given trivially as ‘il / Ita. 


ag Te sss nf + AG-B)N 
AB 
and 
For A < B we interchange the formulae for He / Ys, at the same time exchanging 
A and B in these formulae. It is conjectured that (1q and (1€) is the only 
simple solution satisfying the conditions (1) to (6). 


The only other i we might like to impose is 
(7) Ila - Its -wW fa A= B 


Our solution aay; Ag) does not satisfy condition (7). There appears to be 

no simple solution that satisfies all of conditions (1) to (7) aon Since we are 
only interested in a model which will bring out the general features of 
different methodologies we shall adept our solutions (19) and (18). 
Another feature we might want to é- (et Get ante our model is & inemory That 
is to say after a number m of unsuccessful predictions we do not choose to 
leave the probability of the hard core entirely unchanged but "depress" it at the 
n°" refutation by a ee factor F(m) which begins to cut! off at some 


critical value My: 
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We can now put all these features together to obtain a model for the following 


very general problem. 


Suppose a research programme makes Tees successful predictions following the 
(m ~i) cau) false prediction by suitable articulation of the 


positive heuristics. 


We denote by Po (ny .n5---n) the posterior probability for the hard core C after 
this sequence of successes and failures .fhen we can write the following 


recursion for Pe 


“ / a 
rr) s 
Pe(T Na: 2m) = PEN Thy oo Unt) x @ (Vx; eA ; Nm-t)) 


where Pen(Nye 0 Mn-) ) = Flme1) x Pe(R,--- Ty-) ) 


and rm) i gp (€, Thom, xc. Pen, -Nn-1)) 
Neon. @ (€,%, >) 


) 


with Pe( N)) = vx @ (Ux, VE, ee 
an F , ~— Cc Ci- AB 
‘ @ (P, B,c)= 5 rae 


& (A, B,c) St ase 3 


eCien? ep * 
, 


i. en a 
In these formulae | + @r¢hOm- me) 
x= P(cBBe]d), E2 P(e/a(cPBe)Eb) 
We have assumed that initially equal probabilities Voe are aired to 
C and By and that each successive articulation of the protective belt starts 
again with probability Vac F 


We have chosen a simple form for F(m) with suitable cut off properties. 
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Taking the parameter values . ~ o, is = 3h vx = 0,01, & =%1 and 
assuming for purposes of illustration the case where successful and unsuccessful 
predictions alternate, the account derived from our model is shown in Fig.3, 
where qaaphs for pure Lakatos (no memory factor) and pure Popper (refutation 
takes us back to square one, i.e Pe falls to Ve after each refutation! ) 


are also given for comparison. 


Certainly the memory models look the most realistic although we have chosen 
a very simple type of memory - a more sophisticated version would take due 
account of small aJZ vanishing values of Tom as Mincreases, corresponding 


to the informal notion of degeneracy in the research programme. 


/o 


0% 


ab 


a4 


O-a 
— LT, 
(o) L — 1 _ = i) 4 
sf s F S Ff & fF S&S 4 6 oF Ss 
Fig.3 ped uence - POON eat predic tion 


Fe Fuilel paclicton 
al. Pure Lakatos : refutation leaves Pc unchanged. 
II Pure Lakatos plus memory: refutation cuts Pc by a memory factor F(m). 
III Pure Popper : refutation takes Pc back to Yor . 


Let us very briefly compare our new model with the previous one presented in 


Section 5. In the first place the new model assumes that B and C are independent 
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after refutation - this is explicitely denied in the purely Bayesian model. 

Of course the first model supposes more information about more complicated 
conditional probabilities such as P(@/cP-BP2) etc ,whereas tne second model 
assumes we know only the value of P(Lfa- (eke) & & ) a8 our input information. 
Naturally our methodological decisions in the second model could be 
re-expressed as conditidns en the extra conditional probability 
assignments assumed in the first model. But the status of these assignments 
is now quite different. For the first model we derived the effect of refutation 
from these assignments. In the second model we effectively constrain these 
assignments by the decisions we choose to make about the effects of 
refutation. Finally we note that in the second model we can explain the 
progress of the research programme even allowing Po and Py épitiaally 

to have the same low value, whereas the success of the first model depends 
critically on taking these as unequal. At all events we believe that we have 
successfully distinguished the possible voles of Bayesian or semi-Bayesian 


models in accounting for the life and death of a research programme. 


FOOTNOTES 


1 Zanar [1973| p.101. 

2 Zahar [i973] p.103. 

5 Schaffner [2974] p.69-73. 

4 Ibid, Footnote 43 p.70. 

5 Ibid.Footnote 2 p.70. 

6 Schaffner actually works in terms of hypotheses being ad hoc but 
we want to keep the argument as simple as possible. 

if Ibid, po72. 

8 According to nichh wesley fis72] the known ha dronie contribution 
to the electron anomaly would affect the tenth significant figure. 

9 This method of analysing Bayes's theorem is due to Jon Dorling. 

10 The asymmetric effect of refutation in the Bayesian model was 


otnpedt out to me by Jon Dorling who was responsible for the 
ideas behind the preceding analysis. 


il Lakatos of course stresses in his [1970] that realistic research 
programmes can progress in an ocesn of anomalies which are ignored, 
the articulation of the protective belt being carried along by the 
internal momentum of the positive heuristic of the programme. Our 
‘rational reconstruction! of Lakatos's methodology , like all rational 
reconstructions, is a caricature. 


12 I am grateful to Jon Dorling for obtaining the following rather 
complicated solution for conditions 1 to 7 VIZ 
pn A C\~B> _ ? 


AB +r A CI-ABS : 
where f is the unique root in the Aange oLR2\ of the following 
quadratite equation 


2 S(-a)d-B)— (i-ABy a R2A1B-2AB _ np i-awns 
Pyeng Caen} + REass-ans - 086 


We leave the derivation of this result as a challenge to the interested 
reader. 


13 I am grateful to Noretta Koertge for suggesting this. 
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